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17a, 20p-DIHYDROXY-4-PREGNENE-3-ONE SUPPRESSES PLASMA 
IgM LEVELS IN RAINBOW TROUT ( Oncorhynchus mykiss ) 
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Abstract: The relationships between 17a,208-dihydroxy-4-pregnene-3-one (17a, 208-DP) and plasma IgM and to- 
tal protein levels were investigated in rainbow trout, Oncorhynchus mykiss. IgM and total protein levels decreased in both 
sexes of mature rainbow trout when 17a.208-DP levels increased during the spawning season, while the elevated 170,208- 
DP suppressed IgM levels and reversibly enhanced total protein concentrations in immature trout. This represents the first 
report of the effect of 17a,208-DP on fish immunity. These data suggest that the increase of 17¢.208-DP in spawning 


season may be related to infectious skin diseases. 


Key words: Rainbow trou1; Immunoglobulin M; 17a. 208-dihydroxy4-pregnene-3-one; Plasma total protein 


concentration 


The interaction between steroid hormones and 
immune functions was reviewed in mammals (Schu- 
urs et ai. , 1990). Female mice and hamsters generat- 
ed higher titers of the immunoglobulins than males, 
and the lessening of antibody production in males re- 
sponded to the increase in sex steroid hormones at 
sexual maturity (Grossman, 1985). Estrogen might 
alsa stimulate the mammalian humoral. or antibody 
response or enhance the mammalian immune response 
(Paavonen et af. , 1981; Hu et af., 1988). However, 
when treated with the androgenic male steroid, it was 
found that testosterone could also influence im- 
munoglobulin synthesis and inhibit the antibody re- 
sponse of mammalian (Fuji et al. .19753;Sthoeger et 
af. , 1988). It seems possible that estrogen can en- 
hance the immunity in mammals and androgen sup- 
press it. 

IgM is known to be the only class of teleost im- 
munoglobulin, In rainbow trout ( Oncorhynchus my- 
kiss ) , the decrease in plasma IgM levels was also ob- 
served in spawning season (Suzuki eż af . .1997;Hou, 
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1998;Hou eż af., 1998 ); besides, steroid hormones 
can suppress plasma IgM levels (Hou et al . , 1999a, 
b). 17a. 208 -dihydroxy-4-pregnene-3-one (17a, 208- 
DP)is considered as a role in the final gamete matura- 
tion of both male and female salmonid fish (Kime, 
1993; Nagahama, 1997). and has been identified 
as the maturation-inducing hormone of several fish 
species. including salmonid fishes, inducing meiotic 
maturation of fish oocytes. Moreover, one of the 
major problems in hatchery is the outbreak of skin 
diseases, which may cause high mortality in rainbow 
trout in spawning season. 

The effects of 17a,208-DP on plasma IgM levels 
and total protein concentrations were therefore inves- 


tigated in rainbow trout. 
1 Materials and Methods 


1.1 Experimental project 
1.1.1 Seasonal changes in 17e.208-DP,IgM and to- 
tal protein levels 
Mature female (average body weight: 1 237.3 + 
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377.8 g) and male (average body weight; 1 263.7= 
214.4 g) rainbow trout were used in the present 
study. These fish were reared in a concrete tank with 
running spring water at about IOT , under natural day 
light,at the Oizumi Fisheries Research Laboratory of 
Tokyo University of Fisheries. Oizumi, Yamanashi 
Prefecture. Samples were obtained at about monthly 
intervals from June 1996 to February 1997. A random 
selection of fish was made from the fish population in 
the samples. Three fish of each sex were netted, anes- 
thetized immediately with 2-phenoxyethanol on each 
occasion. Blood samples were taken from the caudal 
vasculture using a heparinized syringe with 5 min af- 
ter netting. Blood samples were separated by centrifu- 
gation at 1 000 > g at 4 for 10 min. Plasmas were 
then obtained and stored at—25T until being used. 
1.1.2 Effects of [7a-P on 17a, 208-DP, IgM and to 
tal protein levels 

Juvenile rainbow trout used for this study were 
obtained from a local farm of Tokyo. Their body 
weights ranged from 42 g to 76 g. The fish were 
reared in 80-liter round plastic tanks supplied with fil- 
tered circulating water and photoperiod kept at [4L: 
IOD. Twenty fish were equally separated into two 
tanks (une as the control, another as the experimen- 
tal). The fish were acclimatized for 2 weeks at IOT 
before experiment. During this period, fish were fed 
once a day with commercial trout pellets. After 2- 
week acclimatization, a diet containing 1 mg [7a-P/g 
diet, or a control diet was substituted for the two 
groups respectively. Diet was prepared as follows: 
17a-P was dissolved in 100% ethanol and then the so- 
lution was sprayed onto food pellets; the solvent was 
then allowed to evaporate by air-dry. The corre- 
sponding control diet was prepared by spraying the 
trout pellets with ethanol only. The experimental di- 
et was given once each for a period of 5 weeks. Blood 
samples were taken from each fish of each group once 
a week using the same procedure as above. 
1.2 Experimental methods 
t.2.1 Steroid hormone radioimmunoassay (RIA) 

Labeled (2, 4, 6. 7-3H) 17a, 208-DP was pur- 
chased from New England Nuclear (USA). Unlabeled 


[7a,208-DP used for standards were purchased from 
Sigma Chemical Company { USA). The rabbit anti- 
17a. 208-dihydroxy-4-pregnene-3-oxime-BSA serum 
was purchased from Teikokozoki Pharmaceutical 
Company (Japan). The cross reactivity of 17a.20-di- 
hydroxy-4-pregnene-3-oxime-BSA with [7a, 208-di- 
hydroxy-4-pregnene-3-one, 58-pregnane-38, [7a, 208- 
triol, 208-hydroxyprogesterone and 17a-hydroxypro- 
gesterone were 100,2,.54,1.55.0.82,0.028 and 
<0.01%, respectively. The intra-assay and inter-as- 
say coefficients of variation were 6.0% (n =6) and 
7.1% (n =7). Recovery rate was 95.9% . The low- 
est limit of detection was 45 pg/mL. 
{.2.2 Enzyme immunosorbent assay (ELA) of IgM 
The assays were carried out in 96-well polystyre- 
ne microtiter plates ( Nunc). The microtiter plates 
were coated with purified rabbit anti-rainbow trout 
IgM IgG that was dissolved in 0.1 M carbonate 
buffer (pH 9.6). A volume of [00 uL was dispensed 
into each well and incubated at room temperature. Af- 
ter 4-times wash with PBS Tween, 300 pL of Block 
Ace diluted with PBS (1:4) was added to each well 
and incubated at room temperature. Before being 
washed again, [00 pL of plasma samples and standard 
IgM samples were placed into the appropriate wells 
and incubated overnight at 4U . After washing, each 
well received 100 pL of the mixture of a drop of A 
and B from ABC kit (avidin and biotinlated horsera- 
dish peroxidase macromolecular complex, Vector) dis- 
solved in [0 mL PBS-Tween. and plates were incubat- 
ed at room temperature. The plates were washed and 
100 pL of TMB (3,3,5,5-tetramethylbenzidine) (I 
mg TMB dissolved in 10 mL of 0.1 M.pH 5.5 citric 
acid buffer containing 1.5 pL of 30% H,O) were 
added to each well for enzymatic colour reaction at 
room temperature. The reaction was stopped after 20 
min by adding 25 uL of 2 M H2SQ,. The absorbance 
was measured at 450 nm using an ELISA Plate reader 
(MPR 4A9 Tosou). 
1.2.3 Quantitation of total protein concentration 
Total protein concentrations were measured us- 
ing the Bio-Rad Protein Assay kit (Bio-Rad, South 
Rich-mond, CA) with bovine serum albumin (200, 
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400. 800. 1000, 1200 and 1 400 ug/mL) as the 
standard. 
1.2.4 Statistical analysis 

Student t-test was employed to evaluate the dif- 
ference among the levels of IgM or steroid hormones 
in each sample. The differences of means among the 
groups in each sample occasion were analyzed by Dun- 
can’s multiple range test. Correlation coefficients 
were calculated between IgM concentration and plas- 
ma 172,208 -DP. 


2 Results 


2.1 Seasonal changes in 17a0,20B-DP, IgM and 
total protein levels 

Plasma 17a.208 -DP levels in mature females re- 
mained low from June to September ( below 1.5 ng/ 
mL), but started to increase in October with a peak 
observed in November (17.5 +5.09 ng/mL). when 
the spawning commenced. Then the hormone level 
decreased to low levels as observed in pre-spawning 
season (Fig. 1A}. Changes in plasma IgM levels in 
mature female were showed (Fig.1B). Plasma IgM 
levels declined from September, with its minimum 
noted in November (0.90 +0.37 mg/mL). then re- 
stored from December. The changes in plasma total 


protein levels 


in mature female were showed 
(Fig.1C). Plasma total protein level began to rise 
from August, peaked in September (146.48 + 9.06 
mg/mL), decreased from October, and reached its 
minimum in January (75.69 + 7.80 mg/mL). 

In mature males, plasma 17a,208 -DP level re- 
mained low from June to August (about 1 ng/mL), 
but two peaks were observed in September (15.23 + 
1.84 ng/mL} and on December 4 (17.20 + 3.67 ng/ 
mL), then decreased (Fig.2A). Plasma IgM con- 
centration fell gradually from August to its lowest le- 
vel on December 4 (0.76=0.19 mg/mL), and then 
rose slowly until the end of the experiment 
(Fig.2B). Plasma total protein level began to de- 
crease from October, and showed no recovery till the 
end of the experiment (Fig.2C). 

Significantly negative correlations were observed 
between Plasma 17a,208-DP levels and plasma IgM 
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Fig.1 Changes of 170.206-dihydroxy-4-pregnene-3-one 


(A). IgM (B). total protein {C} levels in mature 
female rainbow trout during spawning season 
Each paint represents mean + SE. * P<0.05 compared to other 
sampling ponts on the same line. 
levels in both sexes (r > — 0.797, P<0.001 in fe- 
males; r>-—0.477, P<0.05 in males), 
2.2 Effects of 17a-P on 17a, 20B-DP, IgM and 
total protein levels 
The administration with 17a-P caused evident 
elevation in plasma 17a,208-DP concentrations, com- 
pared with those in the control after 2 weeks. The 
elevated 17a,208-DP levels remained until the end of 
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Fig.2 Changes of 17a, 208-dihydroxy-4-pregnene 3-one 
(A), IgM (B), total protein (C) levels in mature 
male rainbow trout during spawning season 

Each point represents mean + SE. * P<0.05 compared to other 

sampling points on the same line. 
the experiment, while I7a,208-DP levels in the con- 
trol group showed no change (Fig.3A). Compared 
with the control after I week, plasma IgM levels 
were suppressed, although IgM levels also declined 
{Fig.3B). In contrast, plasma total protein concen- 
trations were elevated after 3 weeks with I7a-P treat- 
ment and continued to rise till the end of the experi- 
ment (Fig.3C}. 
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Fig.3 Changes of plasma 17a,208-dihydroxy-4-pregnene 3- 
one (A), IgM (B), total protein (C) levels with treat- 
ment of 17c-hydroxyprogesterone 

O the control group;:> the experimental group. Each pont repre- 

sents mean + SE. Points marked * are significandy different 

from the control for P<0.05. 





3 Discussion 

The changes of I7e, 208-DP levels in female 
rainbow trout were similar to those in some salmons 
(Dye et af. , 1986; Kime, 1993; Liley et ai. ,1986b; 
Ueda et af. ,1983; Young et al . , 1983). Plasma I7e, 
208-DP levels were low in the pro-spawning season, 
rapidly increased at the beginning of the spawning 
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season, and fell precipitously after ovulation in female 
rainbow trout. In male rainbow trout, the changes of 
172,208-DP levels were different from those in some 
salmon which were studied previously (Dye ef al., 
1986;Kime, 1993; Liley et af.,1986a). This differ- 
ence may be attributed to the different strains of fish, 
in which changes in plasma levels of each steroid had 
respectively annual patterns (Suzuki et a/., 1997). 
The physiological significance of the sharp increase in 
plasma 17a, 208-DP levels at the time of spermiation 
ix yet unknown. Some studies revealed that the 17, 
208-DP might have a major role in the induction of 
cocyte maturation in several species of teleost ( Ueda 
et al . , 1983 ; Nagahama, 1997) and act as a phenome- 
nal attractant for male salmon (Dittman et al., 
1993). 

The decreased plasma IgM may be related to the 
increase in plasma 17a, 208-DP levels in spawning 
season. The effect of water temperature on IgM levels 
may not be considered in the study, since the fish 
were reared under a constant water temperature. The 
immunosuppression of steroid hormones—cortisol, 
testosterone, 178-estradiol and 11-ketatestosterone 
have been reported previously (Slater ef af. , 1993; 
Slater ef af. ,1995; Suzuki et af.,1997;Hou et al., 
1999a, b}. The recent study revealed that fish im- 
mune function may be related to photoperoid in im- 
mature rainbow trout (Hou ef al., 1999¢), but 
changes of 172,208-DP levels can not be determined 
in the immature fish. 17a,208-DP is considered as a 
role in the final gamete maturation of both male and 
female salmonid fish, and is also identified as the mat- 
uration-inducing hormone of several fish species 
(Kime, 1993 ; Nagahama, 1997), so the effect of 172, 
208-DP should be also considered in mature fish. 

We observed that 17a, 208-DP was negatively 


correlated with plasma IgM in both sexes of mature 
trout in spawning season, and severe skin infectious 
disease responded to the highest level of 17a, 208 - 
DP. Moreover, low lgM level from August to De- 
cember corresponded to two peaks of 17a, 208-DP 
within the period in male. Furthermore, the elevat- 
ed 17a.20§8 -DP significantly reduced plasma [gM le- 
vels in immature trout, which were reared at 1ST. 
It is demonstrated that 17a, 209 -DP may suppress 
plasma IgM levels and the decreased plasma IgM may 
be one of factors causing infectious diseases in rainbow 
trout. 

The effect of 172,208 -DP on total protein con- 
centration was not elucidated clearly in this study. 
The increase in plasma total protein levels in mature 
female may be caused by 17-estradiol, since its in- 
crease may be related to vitellogenesis. The decreases 
in the total protein levels may be attributed to the in- 
creases in plasma 17a, 208 -DP in both sexes of ma- 
ture trouts during the spawning season. However, it 
is worth to question why the elevated 172, 208 -DP 
increased the total protein levels in immature trout. 
It may be possible that 17a,208-DP administration 
changed the metabolism of proteins in immature 
trout, since it is known that estradiol-178-treated can 
induce the synthesis of vitellogenin in immature fish, 
and the increased vitellogenin may not be normal to 
immature fish ( Kobayashi, personal communica- 
tion). However, more information is needed on the 
effect of 17a,208 -DP in the metabolism of protein in 
fish, 

In conclusion, 17a,208-DP may suppress fish 
immunocompetence. The decreased plasma IgM may 
be one of factors causing infectious diseases of rainbow 


trout in spawning season, 
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